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What constitutes a surface? 

An interface is the boundary region between two adjacent bulk 

phases 

We recognize (S/G), (S/L), and (L/V) as surfaces 
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L = Liquid 
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S = Solid 

V = Vapor 
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We recognize (S/G), (S/L), and (L/V) as surfaces 



Physical Description of Biomaterial Surfaces 

Biomaterial surfaces exhibit remarkable heterogeneity in physical 

structure: 

 

Material dependant: Metals vs. Polymers vs. Ceramics vs. Gels 

Chemistry: Polar vs. Apolar, Charge, Reactivity, Patterned 

Morphology: Smooth, Rough, Stepped, Patterned, Diffuse 

Order: Crystalline, Amorphous, Semi-Crystalline, Phases 

Environment: Hydration, Solvent Quality 
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The success or failure of many biomaterials depends 

on the  

 

• Physical and chemical characteristics of their surface.  

• It is the surface properties that dictate interactions 

between a material and its environment, and thus 

whether a permanently implanted material will be 

tolerated or rejected. 

• In cases where the implanted material is required to 

degrade at a controlled rate (e.g., when the implant is 

a temporary support, such as a dissolving suture or a 

scaffolding for cells that regenerate tissue), 

• Then the bulk material must be capable of sustaining 

those properties continuously as it becomes the new 

surface. 

Bulk Vs Surface 
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Microstructure and Properties 

The bulk properties of a material depend not only on 

what types of atoms and molecules it contains 

(composition), 

but also on how those atoms and molecules are 

arranged (microstructure) 

 

Inherently 

Small # of 

Atoms  

1 cm3 material ~ 

1023 atoms  

The microstructure of a material is a specification of the 

structural features at length scales that cannot be 

discerned with the naked eye. 

Enhanced Mobility: fewer bonds , 

gradient in density  



Page 7  

 

Bulk Properties 

Some bulk properties, such as the stiffness of a metal, 

depend principally on the type (composition) of metal 

being characterized, and not on the microstructure.  

Such properties are referred to as intrinsic properties, and 

they include density and heat capacity. 

 

Other bulk properties, such as the yield strength of 

a metal, depend on attributes such as the average grain 

(crystal) size, as well as the number and distribution of 

defects in the crystal structure.  

Yield strength is an example of an extrinsic property 
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Surface Energetics 

Molecules in the bulk of a material (e.g. crystal lattice) have a low relative 

energy state due to nearest neighbor interactions (e.g. bonding). 

Performing sufficient work on the system to create an interface can disrupt 

this harmony... 



Molecules at a surface are in a state of higher free energy than those 

in the bulk. This is in large part due to the lack of nearest neighbor 

interactions at a surface. 

(Excess) Surface Free Energy 



Important Point 

Systems move toward lowering their free energy 

 

Surfaces do so by: 

Geometric changes (if possible) 

 

 

 

Bonding (strong and weak interactions) 

 

 

 

 

Dynamic rearrangement 
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Surface Energy and Tension in Liquids 

In order to develop some concepts related to surfaces we will first look at the 

surface properties of liquids. 

The work (w) required to create a new surface is proportional to the # molecules at 

the surface, hence the area (A): 

 

 

Where  is the proportionality constant defined as the specific surface free energy. It 

has units of (force/unit length, mN/m) or (energy/unit area, mJ/m2). 

 acts as a restoring force to resist any increase in area, for liquids it is numerically 

equal to the surface tension. 

Surface tension acts to decrease the free energy of the system, hence some 

observed effects: 

•   liquid droplets form spheres 

•   Meniscus effects in capillaries 

Aw  
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Surface Tension of Solids 

Bottomline: 

 

The surface tension of solids is experimentally inaccessible. 

 

Why?  

 

Creation of new area in a solid is not reversible – you end up stretching or 

cleaving the sample. Interfacial stress during elastic enlargement can be 

measured and related to interfacial tension only if the relationship of 

interfacial tension as a function of strain is independently known. 



Work of Cohesion and Adhesion 

 

For a single liquid (cohesion): 

 

 

 

 

 

For two different liquids (adhesion): 
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(V = vapor) 
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Cohesion is the property of like molecules (of the same substance) to stick to each 

other due to mutual attraction. Adhesion is the property of different molecules or 

surfaces to cling to each other. 
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Surface Phenomenon 

Surface phenomena are driven primarily by an associated reduction in 

surface free energy  

Important examples in biomaterials:  

• adsorption of a species from environment  

• surface segregation of a species from bulk  

• surface reconstructions  

• surface reactions  
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Segregation in materials refers to the enrichment of a material constituent at a free 

surface or an internal interface of a material. In a polycrystalline solid, a segregation 

site can be a dislocation,  grain boundary, stacking fault, or an interface with a 

precipitate or secondary phase within the solid. There are two recognized types of 

segregation: equilibrium segregation and non-equilibrium segregation. 

Surface Segregation 
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Thank You 


